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Introduction and Review of the Literature
Dental caries is the most common chronic disease of childhood, 1, 2 and is associated with significant medical, psychosocial, and economic consequences for children and their families. 3, 4 Data from the National Health and Nutrition Examination Survey (2011) (2012) indicate that about 37 percent of U.S. children ages 2-8 years had dental caries experience, and that about 14 percent had untreated dental caries. 5 The percentage of West Virginia children with caries experience is similarly high, and has increased in recent years. 6 According to State Oral Health Survey data, the percentage of third grade children in West Virginia with caries increased from 42 percent in 2010-2011 to 56 percent in 2013-2014. 6 The percentage of third grade children with untreated dental caries also increased during the same time period, from about 17 percent to about 21 percent. 6 Early childhood caries is defined as "the presence of one or more decayed (noncavitated or cavitated lesions), missing (due to caries), or filled tooth surfaces in any primary tooth in a child under the age of six." 7 Early childhood caries is associated with significant consequences for both child and family. Children with early childhood caries have an increased risk of further dental caries, delayed growth and development, 2,8 emergency department visits, hospitalizations, days lost from school, and increased treatment costs. 7 If left untreated, the bacterial infection associated with caries may spread, resulting in dental abscess, bone destruction, or infection of the bloodstream. 9 Several studies have demonstrated that dental decay affects a child's school attendance and/or ability to learn. 3, 10, 11 Data from the 1989 National Health Interview Survey revealed that approximately 51 million hours of school were missed by children nationwide due to a dental problem or a visit to a dentist. 3 A study of disadvantaged children in Los Angeles County found that children with untreated dental disease were four times more likely to have a low grade point average when compared with children not having unmet dental needs. 11 The Early Childhood Oral Health Impact Scale (ECOHIS) was designed by Pahel and colleagues to assess the impact of dental caries on the child and the family. 12 Impacts of dental disease on the child identified during development of the ECOHIS include pain, irritability, difficulty eating, difficulty with speech, and trouble sleeping. 12 Impacts of childhood dental disease on the family included feelings of upset or guilt, time missed from work, and financial difficulties. 12 Additionally, dental caries treatment accounts for a significant proportion of overall health care expenses for children. Griffin and colleagues reported that in 2009, about $20 billion was spent on dental treatments for 5-17 year old children, representing 17.7 percent of all health care expenses. 2 Risk factors for early childhood caries include prior caries experience, colonization of the oral cavity with mutans streptococci (usually as a result of transmission from the primary caregiver), visible plaque on the primary teeth, dietary factors (frequent consumption of sugary foods or beverages), developmental defects in the tooth enamel, low socioeconomic status, and being an ethnic minority or recent immigrant. 4 Additional caries risk factors include chronic illness, alteration in saliva volume or composition, and mouth breathing. 9 Colonization of the oral cavity with mutans streptococci is likely to occur before the age of 12 months 9 , a fact which underscores the importance of early preventive dental visits.
Both the American Academy of Pediatrics and the American Academy of Pediatric Dentistry recommend an early preventive dental visit as an effective way to reduce the incidence of early childhood caries. 13, 14 The American Academy of Pediatric Dentistry Policy on the Dental Home was adopted in 2001 and reaffirmed in 2010. 15 It states that referral for dental care by a primary care physician is recommended based on risk assessment "as early as six months of age, six months after the first tooth erupts, and no later than 12 months of age." 15 The American Academy of Pediatrics policy statement "Oral Health Risk Assessment: Timing and Establishment of the Dental Home" was first published in 2003, and recommended that pediatricians refer a child for dental care by no later than 1 year of age. 16 The Academy's most recent policy statement in 2014 reaffirmed the importance of a dental visit by 1 year of age. 17 Although early childhood dental visits provide an opportunity to reduce the incidence of dental caries and its complications, 2,14,18 many children do not see a dentist by 12 months of age, 2, 19 as recommended by both the American Academy of Pediatrics 13 and the American Academy of Pediatric Dentistry. 14 Although the potential benefits of early preventive dental visits would seem apparent to most, evidence of their effectiveness in improving dental outcomes is relatively weak. A systematic review by the U.S. Preventive Services Task Force in 2013, for example, was unable to find any study which "directly evaluated the effects of referral by a primary care clinician to a dentist on caries incidence." 20
Benefits of early preventive dental visits
The American Academy of Pediatric Dentistry outlines a number of issues which can be addressed during early childhood dental visits. Specific recommendations for the 6 to 12 month visit include a complete oral examination (with radiographs as needed), oral hygiene counseling for parents, the assessment of need for systemic or topical fluoride, assessment of feeding practices, dietary counseling, injury prevention counseling, counseling for nonnutritive oral habits, and caries risk assessment. 14 Assessment of caries risk includes an oral examination, questions related to dietary practices, exposure to systemic fluoride, oral hygiene practices, dental history of the mother or primary caretaker, socioeconomic status of the mother or primary caretaker, and identification of any special health care needs. 21 Identification of behavioral caries risk factors provides an opportunity for caregiver education. Specific recommendations to caregivers should include strategies to reduce oral colonization with mutans streptococci, bacteria which metabolize sugars and produce acids which may lead to tooth decay. 22 Education should also include recommendations to minimize the frequency of consumption of sugary foods or drinks, proper tooth brushing technique and frequency, and reminders about the importance of regular dental examinations and timely treatment of existing caries. 13, 23 Preventive dental visits also provide an opportunity for the provision of specific measures to reduce caries risk, such as the application of topical fluoride, prescription of oral fluoride supplements to at-risk children lacking an adequately fluoridated source of drinking water, and placement of sealants on teeth with pits and fissures. 14
Utilization of dental services in childhood
Despite guidelines calling for the establishment of a dental home by age 1 year, few children receive dental care by the recommended age. 24 Savage and colleagues (2004) found that less than 1% of Medicaid-enrolled children in North Carolina had their first preventive dental visit before age 1 year, and less than 3% had their first visit between ages 1-2 years. 25 Medicaid data from 2008 indicate that only 9 percent of children ages 1 to 2 years have had a preventive dental visit. 23 Medical Expenditure Panel Survey data from 2009 indicate that only 7.6 percent of children under 2 years of age had a dental visit, and that only 1.7 percent had a visit for preventive services. 2 Low utilization of dental services in childhood likely has many causes, including lack of dental insurance, limited access to dental providers, and lack of awareness among parents and medical providers of the importance of early preventive dental visits. [26] [27] [28] [29] Data from the 2011 Medical Expenditure Panel Survey indicate that only about 57 percent of children 2 to 5 years of age were offered advice for a routine dental check-up from a doctor or other health provider. 30 A national survey of pediatricians reported that more than half of the pediatricians surveyed believed that "parents' lack of perceiving dental care as important" was a significant barrier to dental referral. 28 Another significant barrier, identified by almost 40 percent of pediatricians, was a "lack of dentists who provide care for this young age group." 28 A 2006 study of primary care providers in Canada found that only 2.7 percent of pediatricians and family physicians recommended the first dental visit before age 1 year, and about 20 percent reported delaying the recommendation until the child was three years of age and older. 29 For children covered under the Medicaid program, utilization of dental services may be improved by requiring primary care providers to adhere to best practice guidelines for oral health by referring children for dental care in accordance with recommendations. Adherence to the Medicaid Early and Periodic Screening, Diagnosis, and Treatment (EPSDT) guidelines for best oral health practices was evaluated by Hom and colleagues. 31 They found that of the 32 states with EPSDT dental periodicity schedules, 31 states required referral to a dentist, but only 11 of those states adhered to best practices by requiring dental referral by age 1 year, 31 with three states calling for the first dental visit by age 2 years, and another three states calling for the first visit by age 3 years. 31 West Virginia is among the 11 states requiring dental referral by age 1 year. 31
Existing evidence for the effectiveness of early preventive dental visits
Relatively few studies have been designed to directly examine the association between early childhood preventive dental visits and clinical dental outcomes. Previous studies were designed to examine the outcomes of dental expenditures, the number of non-preventive dental visits, or the number of dental treatment procedures, while others have linked clinical dental outcomes to Medicaid claims data.
Dental outcomes reported in a study of Medicaid enrolled children in North Carolina included the child's age at future preventive, restorative, and/or emergency dental visits, as well as Medicaid expenditures for those visits. 25 Researchers in that study found that children having a first preventive dental visit by 12 months of age were more likely to have subsequent preventive visits, but were not more likely to have subsequent restorative or emergency visits, compared with children whose first visit occurred at a later age. 25 Researchers concluded that the age at the first dental visit had a significant positive effect on dental treatment expenditures, as average treatment costs were less for those receiving earlier preventive care. 25 Specifically, the average dental treatment cost per child (over the five year study period) with a first preventive visit before age 1 year was $263, while for children with a first preventive visit at age 2-3 years, the average treatment cost per child was $450. 25 Sen and colleagues studied children enrolled in Alabama's Children's Health Insurance Program and examined the outcome of one year lagged non-preventive dental care and non-preventive treatment expenditures. 32 They found that children with more preventive dental visits had fewer subsequent non-preventive dental visits and lower non-preventive treatment expenditures. 32 The study was not designed, however, to demonstrate an association between a child's age at the first preventive dental visit and need for non-preventive dental care.
Beil and colleagues compared treatment and expenditures for Medicaid-enrolled children with a preventive visit prior to age 18 months with those having a visit between ages 18-42 months, and found no differences in dental outcomes between the groups. 33 They did find, however, that among children with existing dental disease, those with a visit before 18 months of age had lower rates of subsequent caries-related treatment. 33 A 2014 study by Beil and colleagues demonstrated an urgent-care type of dental service utilization in Medicaid enrolled children in North Carolina. Children whose first dental visit occurred between ages 3-4 years or between ages 4-5 years were found to have less disease (as measured by the number of decayed, missing, or filled primary teeth) compared with children whose first visit occurred by age 2 years. 18 A more recent study was designed to examine the impact of physician-based preventive oral health services on caries experience in kindergarten children by linking Medicaid claims with public health surveillance data. 34 The authors found that children with 4 or more medical visits with comprehensive preventive oral health services (any combination of screening, counseling, or topical fluoride application) before their third birthday had fewer caries than those not receiving these services. 34
Study objectives and hypotheses
Evidence that early childhood dental visits improve oral health outcomes may lead to increased numbers of children referred for dental care in accordance with current guidelines. This study was designed to examine the association between a child's age at the first dental visit and a history of dental caries, adverse dental outcome, and oral health-related quality of life. It also sought to evaluate parents' awareness of the year 1 dental visit recommendation, and their opinion of the most appropriate time for a child's first dental visit. Finally, the study sought to obtain information about the source of referral for the first dental visit, the reason for the first dental visit, and barriers to obtaining dental care for children in West Virginia as perceived by parents and pediatric dentists. Information about awareness of the dental visit recommendation, childhood dental referral patterns, and barriers to dental visits will be useful in the development of strategies to educate parents and primary care providers about the importance of early dental care, thereby increasing the number of children referred for the age 1 dental visit.
This study will test the hypothesis that there is an association between the child's age at the first dental visit and each of several outcomes--age at onset of dental caries, history of dental caries, and history of an adverse dental outcome (dental abscess, and the need for dental treatment under sedation or general anesthesia).
Methods

Study design
The study was a cross-sectional survey of parents of young children under the care of a pediatric dentist in West Virginia. For the qualitative component of the study, pediatric dentists responded to open-ended questions regarding barriers to the early establishment of a dental home for children in West Virginia. The study was approved by the Institutional Review Board of West Virginia University in September of 2015 (protocol number 1507758822). Surveys were collected from October 6, 2015 through February 27, 2016.
Sample
The study sample for the parental survey was comprised of parents of children < 6 years of age and under the care of a pediatric dentist in West Virginia between October, 2015 and February, 2016. The sample for the qualitative study was all pediatric dentists practicing in West Virginia in January, 2016.
Recruitment of pediatric dentists
Each of the 17 pediatric dentists practicing in West Virginia was contacted to request the opportunity to recruit participants by offering the survey to parents of children in their practice. Contact information for pediatric dentists was provided by the president of the West Virginia chapter of the American Academy of Pediatric Dentistry. Pediatric dentists were contacted by email to explain the purpose of the study and the method of data collection (Appendix A). Participating dentists provided the name of a contact person (office manager or front-office staff) who would take responsibility for administration of the survey. All pediatric dentists, irrespective of survey participation, were contacted by mail in January, 2016 to request participation in the qualitative component of the study (Appendix B). Dentists were informed that their names would not be associated with their replies in any publications associated with the study.
Eligibility criteria
Parents of children age 6 years and younger, with a dental appointment for any reason (routine visit/hygiene, consultation, or restorative procedure) were eligible to complete the anonymous survey. There were no specific exclusion criteria. Parents volunteered to answer survey questions for no more than two of their children. All practicing pediatric dentists in West Virginia were eligible to participate in the qualitative component of the study.
Data collection and participant compensation
Dental office staff were provided with standardized instructions for the administration of the survey (Appendix C), designed to be completed in the office during the child's dental visit. Parents of children meeting eligibility criteria were offered information as they signed-in for the child's appointment. The survey with a cover letter explaining the general goals of the study was provided to parents (Appendix D). The cover letter explained that the survey was anonymous, participation was voluntary, and that failure to complete the survey would have no impact on their child's dental care. Parents who volunteered to complete the survey were compensated with a package of West Virginia University temporary tattoos, and participants returning a completed survey were entered into a drawing for a $50 Wal-Mart gift card.
Surveys and compensation were mailed to each of the participating dental offices, and postagepaid envelopes were provided for return of completed surveys. Questions for the qualitative component of the study were mailed to each of the 17 pediatric dentists practicing in West Virginia in January of 2016. An incentive of $5 and a postage-paid return envelope was provided at the time of the mailing.
Measures
Demographic variables included the child's age, gender, race, type of dental insurance, parent's level of education, and household income.
The main outcome variable was a history of dental caries in the child. Parents were asked to report a history of dental caries in their children ("Have you ever been told by a doctor or a dentist that your child has at least one cavity or tooth decay?"). For children with a history of dental caries, parents were asked if the child was less than age 3 years or > age 3 years at caries onset, as well as the exact age at caries onset, if known.
A second outcome of interest was a history of an adverse dental outcome (defined as a history of dental abscess or the need for dental treatment under sedation or general anesthesia). Parents were asked to state whether the child has ever had a dental abscess or tooth infection ("An abscess is an infection in the tooth or gums which is treated with an antibiotic. Child may have had the tooth pulled as part of the treatment"), dental treatment under sedation ("Sedation means giving a medicine by mouth or through a vein (IV) to make the child sleepy"), or dental treatment under general anesthesia ("General anesthesia means the child was given medicine in the operating room to make him/her fall completely asleep and feel no pain").
An additional outcome of interest was oral health-related quality of life, which was measured using the Early Childhood Oral Health Impact Scale (ECOHIS). The ECOHIS is a 13-item tool, with scores ranging from 13 to 65, which was designed to measure the impact of dental disease in preschool children and their families. 12 Higher scores on the ECOHIS indicate greater impact of dental disease, and therefore lower oral health-related quality of life. Previous studies have demonstrated the construct validity of the ECOHIS, and have shown that it has high internal consistency and test-retest reliability. 12 Independent variables included the child's age at the first dental visit as both a continuous and dichotomous variable (less than two years vs. two years and older), the reason for the child's first dental visit (routine/preventive visit vs. a problem with the teeth or mouth), the source of referral for the child's first dental visit (self, friend/family, child's physician, or family dentist), type of dental insurance (Medicaid, private, SCHIP, or none), parent dental treatment frequency (none, only with problem/sometimes, or regular visits about every 6 months), untreated dental caries in the parent (yes, no, or not sure), parent awareness of recommendation for a child's first dental visit (aware vs. not aware), parent level of education (4 levels-less than high school through graduate/professional), combined household income (5 levels-less than $15,000 to more than $75,000), child tooth brushing frequency (4 levels-less than once per day to three or more times per day), and child frequency of sweetened beverage consumption (5 levels-never to 5 or more times per day).
Additional variables included the parent's agreement with a statement about the importance of routine dental care for children ("A child should see a dentist for regular check-ups even if he or she has no problems with the teeth or mouth"), and the parent's opinion of the most appropriate age for a child's first dental visit. Parents were also asked to indicate whether they had ever had difficulty getting a dental appointment for their child, and parents reporting difficulty were asked to rate the relative importance of 7 different barriers (very important, somewhat important, or not at all important).
The qualitative component of the study consisted of four open-ended questions addressing pediatric dentists' opinions of barriers to the early establishment of a dental home for children in West Virginia, and their suggestions to reduce those barriers:
1. What are some of the barriers to the establishment of a dental home for young children in our state? Please list as many barriers as you would like, and circle the barrier which you feel is most relevant to children in West Virginia 2. What are your suggestions for eliminating or reducing some of the above barriers, so that more West Virginia children receive dental care at an early age, as recommended by the AAPD and AAP? 3. In your opinion, what are the reasons underlying low rates of referral of young children to pediatric dentists in West Virginia? Please consider referrals from primary care medical providers (pediatricians, family physicians, mid-level providers) and/or general dentists in your response. 4. What do you think is needed to increase general dentists' level of comfort in examining and/or treating young children (less than 3-4 years of age) in areas of our state with a limited pediatric dentistry workforce?
Analysis of qualitative data consisted of identification of themes which emerged from the data, and frequency counts.
Statistical analysis of all quantitative data was performed using SAS version 9.4 (SAS Institute, Inc., 2002-2012, Cary, NC). Statistical analyses were conducted using an alpha level of .01, beginning with a level of .05 and utilizing a Bonferroni correction for multiple comparisons.
Results
Descriptive statistics
Ten of the 17 pediatric dentists practicing in West Virginia agreed to participate in the survey component of the study, representing five counties. A total of 320 parent surveys were distributed, and 126 were returned, yielding a response rate of 39.4%.
Study population
Descriptive statistics of the study population are found in Table 1 . A total of 126 parents completed the survey for 162 children (with 36 parents providing responses for two children).
The mean age of children in the study was 53.1 months (n= 162, SD 16.4) with a range of 74 months. The mean age at the first dental appointment was 26.8 months (n= 117, SD 11.8) with a range of 57 months. The mean age of children in the early first dental visit group (less than 2 years) was 48.6 months, and the mean age of children in the late first dental visit group (2 years or older) was 55.7 months. The first dental visit occurred at age 2 years or older for 70% of children.
There were 88 males (54.3%) and 74 females (45.7%). The majority of the children (92.6%) were non-Hispanic White, and covered under Medicaid (48.4%) or private dental insurance (40.7%). Eighty-five percent of the children's first dental visit was for a routine check-up or preventive visit. Two-thirds of children's first dental appointment was self-referred; 31.1% were referred by the child's physician or dentist. 
Child oral health outcomes
In children with dental caries, the mean number of caries was 3 (n= 37, SD 2.64) with a range of 12. Numbers and percentages of children with a history of dental caries, history of dental abscess, and the need for dental treatment under sedation or general anesthesia are found in Table 2 . 
Child and parent oral health behaviors
Participants reported that 5% of children were being seen for the first dental appointment. Additionally, regular dental visits (every 6 months) were reported for almost 89% of children.
More than 50% of children consumed sweetened beverages 1-2 times per day (53.7%); 22.2% consumed sweetened beverages 3 times per day or more. The majority of children (71.3%) had a tooth brushing frequency of twice per day. A personal history of untreated caries was reported by 21% of parents. Child and parent oral health behavior data is provided in Table 3 . 
Parent knowledge and beliefs regarding early dental visits for children
Awareness of the recommendation for a child's first dental visit was reported by 88 parents (71%). Among parents stating that they remember the recommended age for the first visit, the correct age (1 year) was reported by 34.9 percent.
Among parents less than age 30 years (n=44), 66% were aware of the recommendation, and among parents age 30 years or older (n=80), 74% were aware of the recommendation. Among parents with at least a high school education (n=120), 73% were aware of the recommended age for the first dental visit.
Parents' opinions of the most appropriate age for a child to begin going to the dentist are shown in Table 4 . Almost 50% of parents perceived that the best age for a child to start seeing a dentist was 2 years.
The majority of parents (84.8%) either agreed or strongly agreed with the importance of regular dental visits for children, even in the absence of a problem. 
Barriers to obtaining dental visits
Only 6 parents reported a lifetime difficulty of obtaining a dental appointment for their child. Twelve parents rated the relative importance of the seven different barriers to obtaining dental appointments (including 6 who reported not having difficulty obtaining an appointment for their child). The percentage of parents rating each barrier as either "somewhat important" or "very important" is reported below:
"I was not able to find a dentist in my area who would see someone my child's age." (92%) "I had no way to pay for the appointment." (67%) "I had no transportation to get to the dentist's office." (58%)
"I was not able to leave work to go to the appointment." (58%) "The wait time for the appointment was too long." (58%) "The dentist's office was too far away." (58%) "The dentist's office did not accept my child's insurance." (50%)
Oral health-related quality of life
The score on the Early Childhood Oral Health Impact Scale (ECOHIS) was not normally distributed (skewness statistic of 2.1; kurtosis statistic of 5.0). Overall, a majority of parents reported little impact of dental problems on their child or the family. With possible scores ranging between 13 and 65, the mean ECOHIS score was 16.2 (n= 159, SD 4.6), with a median of 14, and a range of 26. Items with the highest impact (reported by parents as occurring "occasionally", "often", or "very often"), and percentage of parents reporting, are listed below:
"How often have you or another family member felt guilty because of your child's dental problems or dental treatment?" (14%) "How often have you or another family member been upset because of your child's dental problems or dental treatment?" (12%) "How often have you or another family member taken time off from work because of your child's dental problems or dental treatments?" (11%)
"How often has your child had pain in the teeth, mouth, or jaws?" (10%)
Association between age at first dental visit and age at caries onset
A Pearson correlation was used to test the association between a child's age at the first dental visit and the age at which dental caries was first recognized (null hypothesis ρ = 0), using a twotailed alpha, p = 0.01. A significant positive correlation was noted between age at first dental visit and age at caries onset, r (29) = 0.65, p < .0001 [95% CI = 0.39, 0.82], with a coefficient of determination (r 2 ) of 0.42; the null hypothesis was rejected. Children with earlier first dental visits tended to have earlier onset of dental caries.
Association between age at first dental visit and history of dental caries
Chi-square analysis was used to test the association between a child's age at the first dental visit (less than 2 years vs. 2 years and older) and a history of dental caries. The null hypothesis that there is no association between age at first dental visit and a history of dental caries was tested using an alpha level of .01 for significance. There was no significant association between age at first dental visit and history of dental caries, χ 2 (1, n = 159) = 1.56, p = .21. Children with a first dental visit at less than 2 years of age were slightly less likely to have a history of dental caries (38%), compared with those having a first visit at 2 years or older (49%), though this was not statistically significant (p = 0.21).
The frequencies and percentages of children with caries experience for additional study variables are provided in Table 5 . 
Association between age at first dental visit and history of adverse dental outcome
Chi-square analysis was used to test the association between a child's age at the first dental visit (less than 2 years vs. 2 years and older) and a history of an adverse dental outcome (dental abscess or the need for dental treatment under sedation or general anesthesia). The null hypothesis that there is no association between age at the first dental visit and history of an adverse dental outcome was tested using an alpha level of .01 for significance. No significant association was noted between age at first dental visit and a history of one of the three adverse outcomes, χ 2 (1, n = 160) = 0.42, p = .52. Children with a first dental visit at less than 2 years of age were similar in their history of an adverse outcome (27%), compared with those having a first visit at 2 years or older (22%).
Association between the reason for the first dental visit and adverse dental outcomes
Chi-square analysis was used to test the association between the reason for a child's first dental visit (routine check-up/preventive visit vs. problem with the teeth or mouth) and a history of an adverse dental outcome as defined above. The null hypothesis that there is no association between the reason for the first dental visit and a history of adverse dental outcome was tested using an alpha level of 0.01 for significance. There was a significant association between the reason for a child's first dental visit and a history of adverse dental outcome, χ 2 (1, n = 160) = 7.60, p .0058. Children whose first visit was for a problem with the teeth or mouth were more likely to have a history of an adverse dental outcome. The effect size was small to medium (phi coefficient of 0.22).
Logistic regression on history of dental caries
A logistic regression (binary logit model, Fisher's scoring technique) was used to evaluate the degree to which the child's age (in months) at the first dental appointment explained the binary outcome of dental caries history, while controlling for other variables, including the reason for the first visit, child sweetened beverage consumption frequency, presence of untreated caries in the parent, parent awareness of the first visit recommendation, and parent education. The null hypothesis that the odds ratio for the child's age at the first dental visit is equal to 1 was tested at an alpha level of .01. Unadjusted and adjusted odds ratio for the regression model are shown in Table 6 . Assumptions of logistic regression were met for the model. Two observations were deleted as they were outliers in leverage, discrepancy, and influence. The overall model was not significant at an alpha level of .01, Wald χ 2 (9, n = 90) =19.94, p=.018. The odds ratio for age at first dental visit was significant, OR=1.10, 95% CI (1.04, 1.17), p=.0013, as was the odds ratio for parent education (high school or less vs. graduate/professional), OR=15.87, 95% CI (2.27-111.12), p=.0054. In other words, the age at first dental visit (in months) significantly predicted the history of dental caries. Every month of delay in the first visit increased the risk of dental caries by 10%. Children whose first visit to the dentist was for a problem with the teeth or mouth were 6.9 times more likely to report a history of dental caries (OR = 6.9, [95% CI 1.22, 39.05]). Low parental education and lack of awareness of the first visit recommendation also significantly increased the risk of dental caries ( Table 6) .
History of adverse dental outcome
Among children whose reason for the first dental visit was routine/preventive (n=136), 27 children (20%) had a history of an adverse outcome, and among those whose first dental visit was for a problem with the teeth or mouth (n=24), 11 children (46%) had a history of an adverse outcome. Among children whose parent was aware of the first visit recommendation (n=113), 20 children (18%) had a history of an adverse outcome, while among those whose parent was not aware of the recommendation (n=45), 18 children (40%) had a history of an adverse outcome. A history of an adverse outcome was found in 9 children (29%) whose parent reported untreated dental caries (n=31), and in 20 children (20%) whose parent denied untreated caries (n=100). For children consuming sweetened beverages never or rarely (n=39), 9 children (23%) had a history of adverse outcome, for those consuming sweetened beverages 1-2 times per day (n=86), 16 children (19%) had an adverse outcome, and for those consuming sweetened beverages 3 times per day or more (n=36), 13 children (36%) had a history of an adverse dental outcome. .0054
Model significance Wald χ 2 (9, n=90) = 19.94, p= .018 1 Unadjusted odds ratios reflect the association between dental caries history and each of the covariates separately 2 Adjusted odds ratios reflect the association between dental caries history and each variable, controlling for all of the other variables in the model
Qualitative analysis
Fifteen of seventeen pediatric dentists practicing in West Virginia provided answers to the questions about barriers to the establishment of a dental home for children in their first year (response rate of 88.2%). Table 7 lists the most frequently reported themes in response to each question. 
What are the reasons underlying the low rates of referral of young children to pediatric dentists in West Virginia?
1. Lack of awareness of need for early visit/recommendation for first visit 8 (53.3) 2. General dentists fear loss of patients 7 (46.7) 3. Dental care not perceived as needed/teeth not a priority 6 (40) What is needed in order to increase general dentists' level of comfort in examining and/or treating children less than 3-4 years of age in areas of West Virginia with a limited pediatric dentistry workforce?
1. Continuing dental education 9 (60) 2. More pediatric dental education in dental school 7 (46. 7) In addition to identifying barriers to establishment of a dental home for young children, pediatric dentists were asked to indicate the barrier most relevant to children in West Virginia. One-third of dentists identified workforce issues (lack of providers accepting Medicaid, and lack of providers willing to treat young children) as the single most relevant barrier to the establishment of a dental home for young West Virginia children.
A predominant theme among pediatric dentists' responses regarding barriers to the establishment of a dental home was education. Dentists identified a need for more education of parents, physicians, and general dentists regarding childhood oral health issues. Another theme was that dental health is not valued by parents and physicians. One respondent wrote, "If primary medical providers truly saw the value of early referrals to dentists then they would refer. Doctors don't consider oral health important because they didn't learn about it in school." Another wrote, "Some primary care physicians perhaps don't see the need. They'll wait until there's a problem, then refer." Lack of responsibility of parents, and the need for accountability for those receiving state funds (Medicaid or SCHIP) were also frequently identified factors.
The theme of accountability was prominent when dentists were asked to provide suggestions to help eliminate the barriers to a dental home for West Virginia children. One of the specific recommendations was to develop a system for verification of preventive dental visits for those receiving state funds, with enforcement of penalties for parents who fail to bring their children for dental visits. One dentist wrote, "Medicaid needs to keep track of missed appointments and consequences need enforced. Things that are free have no value." Another wrote, "Medicaid needs to drug test parents." Increasing Medicaid reimbursement was a common theme, as was education of parents, physicians, and general dentists about oral health issues. Suggestions for educating parents about oral health issues included provision of literature at prenatal visits or the Women, Infants, and Children (WIC) office, billboards, and via pediatricians and general dentists. Several of the suggestions for education of pediatricians mentioned increasing awareness of the age for the first dental visit (1 year), and encouraging early referral for dental care.
With regard to possible reasons for the low rates of referral of young children to pediatric dentists by both physicians and general dentists, one of the more common themes was lack of awareness of the need for early dental visits. One dentist stated, "…medical providers may not be aware of what pediatric dentists provide compared to general dentists. Pediatric dentists are better utilized in other states." Another responded, "Perhaps again, not thinking of teeth as a priority-PCPs have so many things to cover in well checks, easy to assume that child/parents follow through with dental care." A common perception among pediatric dentists was that general dentists do not refer young children to pediatric dentists because they fear losing the child and possibly siblings as patients. As one dentist stated, "As for general dentists, they tend to want to treat the child themselves and therefore tell the parent it's OK to wait until age 3." Lack of pediatric dental knowledge on the part of physicians and general dentist was another prominent theme. One dentist responded, "Medical providers are not trained to identify early oral health issues. Referrals are not made until decay is a major problem."
When pediatric dentists were asked what is needed in order to increase general dentists' level of comfort in caring for young children in areas with a limited pediatric dentistry workforce, education and increased reimbursement were commonly reported themes. Specific recommendations for education of general dentists included increased focus on pediatric dental issues in dental school (including instruction in the "lap to lap exam"), continuing education courses (including behavior management, tips to help parents with modeling behavior, anticipatory guidance, use of fluoride, identification of children with high caries risk, and the importance of early dental treatment), spending time with a pediatric dentist, and a "mini-residency" in pediatric dentistry. One pediatric dentist felt that continuing dental education covering pediatric dental issues should be mandatory, and another suggested that continuing education courses might be provided by the county or state.
Discussion
The study results are consistent with findings of previous researchers who found that the majority of children do not see a dentist until well beyond the recommended age of 1 year. 35, 36 The mean age for the first dental visit for children in this study (26.8 months) was close to the mean age reported by Kuthy and colleagues in 2014 (25.6 months). 35 Until more children receive early dental visits, an association between age at first dental visit and history of dental caries or other adverse dental outcomes, if present, will be difficult to demonstrate.
The prevalence of dental caries (45.3%) in the study sample (children 6 years and younger), though not directly comparable, was somewhat higher than that seen among 2-8 year olds in the United States (37%). 37 The percentage of children with an early dental visit (less than 2 years of age) in this study (30%) was much higher than that reported in a study of North Carolina Medicaid-enrolled kindergarten children (5.5%). 18 This is most likely related to the nature of the study samples, with the recruitment of children under the care of a pediatric dentist for this study. The percentage of children with early dental visits in the state of West Virginia as a whole are likely much lower.
The significant positive correlation between a child's age at the first dental visit and age at caries onset found in this study is consistent with results of a previous study which found that children with earlier first dental visits had higher rates of untreated dental disease compared with those having first visits at a later age. 18 The authors noted that these findings might be explained by the fact that children at high risk for dental caries may have been more likely to have been referred for dental care at an earlier age, and that childhood dental visits may have followed an urgent care pattern of utilization, whereby dental care was sought for the evaluation of an existing problem. 18 In addition, the finding may be explained in part by noting that children with earlier first dental visits are more likely to have dental caries identified at its earliest stages.
A significant association between a child's age at the first dental visit and a history of dental caries or between age at first visit and history of an adverse dental outcome was not noted in this study. However, it is worth noting that among children with a first dental visit before 2 years of age, only 38% had a history of dental caries, while among those with a first visit at 2 years of age or older, the rate increased to 49%. An important confounding factor in this analysis is that the prevalence of dental caries increases with age. 1, 38 The mean age of children in the late first visit group was 55.7 months, compared with 48.6 months in the early first visit group. Therefore children in the late first visit group (those 2 years of age and older) would be expected to have a higher prevalence of dental caries, and a difference in caries prevalence between the groups cannot be attributed to timing of the first dental visit. A larger sample size, and/or limiting the sample to children of a particular age (5-6 years) would help to control this confounding effect.
The finding that children presenting for a problem with the teeth or mouth were significantly more likely to have a history of an adverse dental outcome is an interesting one. This result might be expected, given that children presenting to a dentist for a problem with the teeth or mouth (pain, cavities, spots on the teeth, injury, missing tooth, or other problem) are more likely to have preexisting dental disease. However, it is nonetheless consistent with the presumption that early preventive dental care can decrease the risk of additional complications such as dental abscess or the need for more extensive treatment under sedation or general anesthesia. Given the risks to the child associated with sedation and general anesthesia, as well as the associated increased treatment costs, and potential time lost from work for parents, this is not an insignificant finding. The logistic regression model on the outcome of dental caries suggests that the child's age in months at the first dental visit is a significant explanatory predictor of dental caries history (adjusted odds ratio of 1.10), when controlling for the reason for the first dental visit, frequency of sweetened beverage consumption, parent education, parent untreated cavity status, and parent awareness of the first visit recommendation. The model suggests that when controlling for the variables above, every one month increase in a child's age at the first dental visit is associated with a 10% increase in the odds of having a history of dental caries. Because the reason for the first dental visit was significantly associated with the outcome of dental caries (unadjusted odds ratio of 5.74 for problem vs. routine visit), this was an important control variable. The model may be improved in future studies by utilizing a larger sample size, providing the opportunity to control for additional confounding variables without the loss of statistical significance associated with higher degrees of freedom in such models. Potential confounding variables include household income, geographic location, regularity of dental visits, the number of preventive dental visits, and the number of topical fluoride treatments. 35 Data regarding child's immunization status (whether or not child was up to date on routine immunizations) was collected for this study with the intention of using it a control variable in the regression model. In theory, parents who bring their children for regular well-child exams (including immunizations) are more likely to be attentive to proper oral hygiene practices (including regular tooth brushing and avoidance of cariogenic foods and drinks). Only 2.5% of parents in this study, however, reported that their child was not up to date on immunizations, perhaps as a result of social desirability bias, precluding its use as a control variable. Controlling for the child's frequency of well-child visits or dental visit frequency for other family members 35 in future studies may allow for control of this potential confounding of parent attentiveness to the child's overall health status and oral health hygiene habits.
A somewhat surprising finding of this study was that only 6 parents reported difficulty obtaining a dental visit for their child. Parents may have felt that the question related to difficulty scheduling an appointment with the child's current dentist. More likely, though, it reflects the bias of sampling from the population of parents of children who have already established a dental home. Though the number of parents rating the relative barriers to dental care was very small, it is interesting to note that the most relevant barrier (inability to find a dentist who would care for a young child) was also the most commonly reported by pediatric dentists, and the one identified as most relevant to children in West Virginia by five of the dentists.
Barriers to the establishment of a dental home for West Virginia children reported by pediatric dentists throughout the state are consistent with those identified in earlier studies. Several of the most frequently reported barriers in this study (limited dentistry workforce, low Medicaid reimbursement/lack of dentists accepting Medicaid, transportation problems, and dental health not valued by parents) were also identified in a national survey of pediatricians. 28 Low Medicaid reimbursement was viewed as a significant barrier to the establishment of a dental home for West Virginia children. A lack of dentists accepting Medicaid patients has been reported as a significant barrier by several other studies. 26, 28, 39 West Virginia pediatric dentists responding to this survey felt that physicians are lacking in education regarding dental issues in general, and specifically, awareness of the year 1 dental visit guideline, a finding which was also supported by the national survey of pediatricians, 28 and a survey of Canadian pediatricians and family physicians. 29 Lack of awareness of the guideline for the first dental visit was supported by another national study of pediatricians, which found that only 14.6% of respondents agreed with referral to a dentist by 12 months of age. 39 The perception of pediatric dentists in West Virginia that parents do not value dental care was also identified as a barrier to carrying out oral healthrelated activities by Canadian pediatricians and family physicians. 29 This lack of value is also evident in the survey item regarding level of agreement with a statement about the importance of regular dental visits for children, even in the absence of a problem with the teeth or mouth. Slightly more than 14% of parents either disagreed or disagreed strongly with that statement. A barrier to dental care which was not specified in the literature, but noted in this study, is parent lack of responsibility. Related to the theme of lack of parent responsibility is the belief of some pediatric dentists that there needs to be a system of accountability for those who receive state funds via Medicaid or the state Children's Health Insurance Program (SCHIP).
There are several important limitations to this study. One is its reliance on parent reported dental outcomes, rather than previously documented or directly observed clinical dental outcomes. Parent reported outcomes and oral health behaviors are subject to both recall bias and social desirability bias. Another limitation to this study is the potential for selection bias. The study design did not include collection of data needed to evaluate the extent that parents accepting the survey differed from those not accepting the survey. Parents were limited to providing data for only two of their children, introducing the possibility for social desirability bias. Parents with three or more children under age 6 years might have chosen to report data for the two children with better dental outcomes or earlier dental visits. Each of these biases may contribute to decreased validity of the study results. The cross-sectional design of the study does not allow any inferences to be made regarding causality. Specifically, with respect to the association between age at the first dental appointment and history of dental caries demonstrated in the regression model, a causal relationship between age and dental caries history cannot be presumed, and there may be other unidentified confounding variables (for example differences in dietary practices). The inability of this study to demonstrate a relationship between age at the first dental visit and history of an adverse dental outcome may be due to a combination of the low frequency of adverse events in this population and the small sample size. Another limitation is that the survey instrument was not tested for reliability and validity prior to its use in this population. A final limitation is that this study is not generalizable to the general population of children in West Virginia, as the sample consisted only of parents whose children were already under the care of a pediatric dentist, and included dental practices from only 5 counties. Children in this sample may differ in important ways from those not under the care of a pediatric dentist, as well as from those living in other regions of the state (for example in their risk for dental caries, dietary practices, and/or oral hygiene habits). The intent of sampling parents of children in pediatric dental practices, however, was to obtain data from a larger number of children receiving early dental visits, facilitating statistical analysis between early and late visit groups.
A positive correlation between a child's age at the first dental visit and the age at caries onset was noted in this study (children with early dental visits tend to have earlier onset of dental caries, when present). Though not statistically significant, the study also suggests that among children age 6 years and younger, those with dental visits before age 2 years are less likely to have a history of dental caries. The logistic regression model demonstrates that the child's age at the first dental visit was a significant predictor of the outcome of dental caries.
Increasing awareness of the year 1 dental visit recommendation among parents of young children, physicians, and general dentists remains a significant need. Evidence of the benefits of early preventive dental visits for children will be an important part of efforts to increase the number of children with a dental home by 1 year of age, in accordance with the American Academy of Pediatric Dentistry guidelines. Physicians are more likely to refer children for early dental visits when they perceive a clear benefit to the child and family. Further studies are needed linking the age at the first preventive dental visit to clinical dental outcomes. The use of parent reported dental outcomes is promising, but poses significant challenges. Previous studies have used Medicaid claims data to link dental outcomes to the timing and number of preventive dental visits, and given the high percentage of West Virginia children with Medicaid insurance, this may be a useful approach. Successful implementation of the year 1 dental visit recommendation requires coordination and cooperation among parents, physicians, and dentists, and future studies should continue to examine dental outcomes which are meaningful to each of these groups, regardless of the data source.
Appendix A. E-mail recruiting pediatric dentists for survey component of study Subject: WVU childhood oral health study-Help needed! Dear Dr. INSERT NAME, I had the pleasure of meeting some of your colleagues at the state dental conference at the Greenbrier this past July, and want to introduce myself to you as well. My name is Jennifer Momen. I am a pediatrician, and I am currently pursuing a Master of Public Health degree through WVU School of Public Health. Some of you may know my husband, Moe, a pediatric dentist practicing in Bridgeport.
As part of my MPH thesis, I'm conducting a study which involves a survey of parents of young children. The survey is designed to examine the association between a child's age at the first dental visit and parent-reported dental outcomes and oral health-related quality of life, with the goal of increasing the evidence base for the establishment of a dental home in early childhood in accordance with AAP and AAPD recommendations. The study protocol was approved by the WVU Institutional Review Board, so I am ready to begin the data collection process. This is where I really need your help!
The study involves no interaction with children or access to office records, and consists only of parent responses to a brief paper survey. No personally-identifiable information will be collected. The survey is designed to be completed while a parent waits in the office (10 minutes), and parents who accept the survey will be given a small token in appreciation of their time.
I am interested in whether you would be willing to allow the survey to be handed out to parents of children aged 6 years and under who are seen in your office for any reason during the approximately 2 month data collection period (November and December). I sincerely hope you will consider participating in this study. You and your office will be acknowledged in any publications which (hopefully!) result from this study. I truly cannot obtain the data without your help. My hope is that that although this study is small and preliminary, it will open a dialog about the importance of early dental visits in childhood, and set the stage for future research leading to the goal of increasing the number of West Virginia children with early dental visits, and to the ultimate goal of improved oral health.
If you are interested in helping with this study, please let me know by responding to this email as soon as possible. If interested, you may also want to provide me with the name of one or two of your front-office staff so that I can talk with them about the specifics of the survey administration. Please call me with questions at any time. Thank you in advance for your consideration. Your name will not be associated with your replies in my thesis or any publications which result from the study. The questions include your perception of barriers to obtaining dental care for children in our state, possible reasons for low rates of referral to pediatric dentists, and your suggestions to increase the number of referrals to pediatric dentists and to improve general dentists' level of comfort in examining young children in areas with a limited pediatric dentistry workforce. You are free to answer any or all of the questions, and even brief answers will be helpful. A self-addressed, postage-paid envelope is enclosed for your convenience. I would be happy to share with you the results of the study when it is completed. Thank you in advance for your help. Appendix C. Survey instructions for dental office staff Thank you so much for your help with this survey! I hope the following guidelines answer any questions you may have about handing out the survey and returning completed surveys to me, but please feel free to call or text me any time with questions. My cell number is 304-657-4960.
Survey administration
 There is no limit to the number of surveys you can hand out-the more data collected, the more valid the study results. I will supply you with as many surveys as you need.  The survey should be offered to all parents of children 6 years old and younger who are seen in the office for any reason (routine check-up/hygiene visit, treatment, consultation).
Parents may be told that the survey is part of a study designed to show the importance of dental visits for children and to increase the number of children referred for dental care.  Parents who accept the survey can choose a package of WVU temporary tattoos as a token of appreciation. Please offer this at the same time you give the survey to the parent (not when the survey is completed). My hope is that the small gift will encourage parents to accept and complete the survey. Please keep a running tally of surveys accepted and declined (You may simply place tick marks on the enclosed tally sheet).  Please tell parents that if they complete the whole survey, they can be entered into a drawing for a $50 Target or Walmart gift card (their choice) by writing their name and phone number on the index card provided. You do not need to verify that the survey is completed, as I believe most people will be honest.  You may let parents know that if they have two children 6 years old or younger, they can complete the survey for both children (the second child does not need to have an appointment on the day the survey is offered). But, if they are concerned about running out of time, it would be better to complete all questions for one child (rather than partially completing the survey for both children).
Return of completed surveys
 I have provided you with postage-paid, addressed envelopes for you to return the surveys to me.  When you have ten completed surveys, please place them in the envelope (along with the postcards for the gift card drawing) and mail them back to me.  I will provide you with more surveys whenever needed. The study quality will be improved by obtaining as many completed surveys as possible.
Please let me know if there is anything I can do to make this process easier for you. I truly appreciate your help in making this survey available to your patients. Completing the survey should not take more than 10 minutes. The survey is anonymous-there is no way for us to identify you, or to link you to any of your answers. Your decision about whether to participate in the survey will not affect your child's dental treatment in any way. Your participation in this survey is completely voluntary, and you may stop answering questions at any time.
Please answer each of the questions about your child aged 6 years or younger. The following questions will help us learn more about your views on dental care for children, and any problems you may have had in trying to get dental treatment for your child. 6. Which of the following best describes how often you go to a dentist for your own treatment?
 I do not go to a dentist  I go to a dentist when I have pain or a problem with my teeth or gums  I go to a dentist sometimes, whether I have a problem or not  I try to go to the dentist regularly (about every 6 months) 7. Do you currently have any cavities which have not been treated yet? Yes ____ No ______ Don't know ______ 8. In your opinion, what is the best age for a child to go to a dentist (general or pediatric dentist) for the first time? Please write the age below I think the best age for a child's first visit to a dentist is ______ years 9. Are you aware of any specific recommendation for the best time for a child's first visit to a dentist?
 YES, and I remember the age Please write the age here: ____________  YES, but I do not remember the age  NO, I have not heard a recommended age for a child's first dental visit 10. Please read the statement below, and tell us how much you agree or disagree by circling one of the options below the statement.
"A child should see a dentist for regular check-ups even if he or she has no problems with the teeth or mouth."
Circle one: Strongly disagree Disagree
No opinion Agree Strongly agree 11. Have you ever had difficulty getting your child an appointment with a dentist (general dentist or pediatric dentist)?
 YES (Please complete questions 12-18 below)  NO (Skip questions [12] [13] [14] [15] [16] [17] [18] There are many reasons parents may find it hard to get dental appointments for their children.
Circle the response which best explains the role each item played in any difficulty you have had getting a dental appointment for your child. 12. I was not able to find a dentist in my area who would see someone my child's age Problems with the teeth, mouth or jaws and their treatment can affect the well-being and everyday lives of children and their families. For each of the following questions please circle the response that best describes your child's experiences or your own. Consider the child's entire life from birth until now when answering each question. If a question does not apply, circle "Never".
Please circle the response that best describes your child's experiences or your own. The Early Childhood Oral Health Impact Scale: Child 2 Problems with the teeth, mouth or jaws and their treatment can affect the well-being and everyday lives of children and their families. For each of the following questions please circle the response that best describes your child's experiences or your own. Consider the child's entire life from birth until now when answering each question. If a question does not apply, circle "Never".
Please circle the response that best describes your child's experiences or your own. 
